Salicaceae plants are dioecious woody plants. Previous studies have shown that male individuals are more tolerant to water deficiency than females for male-biased poplars. However, Salix paraplesia is a female-biased species in nature. It is still unknown whether female willows are more tolerant to drought stress than males. To better understand the sexually different tolerance to water deficiency in willows, a greenhouse experiment combined with a field investigation was conducted, and physiological traits were tested in male and female S. paraplesia under a drought-stressed condition (50% of soil water capacity). Our field investigation showed that S. paraplesia was a species with female-biased sex ratio along altitude gradients (2,400 m, 2,600 m and 2,800 m) in their natural habitats. Our results showed that the height growth, biomass accumulation, total chlorophyll pigment content (TChl), and the net photosynthetic rate were higher in female willows than in males at the low and middle altitudes (2,400 m and 2,600 m) rather than at a high altitude (2,800 m) under well-watered conditions. Under drought-stressed conditions, the growth, biomass, and photosynthesis were greatly inhibited in both sexes, while females showed higher biomass and TChl content and suffered less negative effects than did males.
| INTRODUC TI ON
Dioecious plants play key roles in maintaining the stability of structure and function in terrestrial ecosystems (Renner, 2014; Renner & Ricklefs, 1995) . Under equal and natural environments, a dioecious plant population should be balanced with a 1:1 sex ratio (Fisher, 1930) . The theory of ecological causation postulated that male and female plants evolved different secondary characteristics, resulting from different ecological niches (Tognetti, 2012) . However, environmental factors can skew the sex ratio by changing morphological and physiological performances. Water is one of the most commonly limited factors in terrestrial forests, and with global warming, the intensity of water deficit will be more serious in the alpine regions (Öztürk, Hakeem, Faridah-Hanum, & Efe, 2015; Trenberth et al., 2014) . Drought with increased elevation influences the sex frequency, fertility patterns, and population dynamics, further leading to a decrease in female bias in Valeriana edulis (Petry et al., 2016) . Drought can affect not only the growth of individual plants but also the stability of the population structure and even the sex ratio of dioecious plants. Illuminating the sex-related physiological responses to water limitation is important to predict the population structure and scale of dioecious plants in the future (Tognetti, 2012) .
Previous investigations on Populus cathayana, a male-biased alpine tree, have shown that male individuals are more tolerant to drought stress than females because of their higher values of total chlorophyll concentration, net photosynthetic rate, activities of superoxide dismutase, peroxidase, and less negative effects on cellular membranes and chloroplasts (Chen, Duan, Wang, Korpelainen, & Li, 2014; He et al., 2017; Xu, Peng, Wu, Korpelainen, & Li, 2008; Xu, Yang, et al., 2008; Zhang et al., 2010 , Zhang, Jiang, Zhao, Korpelainen, & Li, 2014 . However, in the genus Salix, female individuals occurred more frequently than males in their natural habitats (Dawson & Bliss, 1989; Dudley, 2006; Hughes et al., 2010; Ueno, Suyama, & Seiwa, 2007) . It is still unknown whether female willows are more tolerant to drought stress than males. In many alpine plants, most cases showed that female individuals were more tolerant to water limitation than males through a compensatory mechanism, which females exhibited a higher photosynthetic rate or present a higher investment in the formation of symbiosis through mycorrhizal fungi as a mechanism to increase their uptake of soil nutrients to compensate their higher reproductive investment (Álvarez-Cansino, Zunzunegui, Díaz-Barradas, & Esquivias, 2010; Obeso, 2002; Rakocevic, Medrado, Martim, & Assad, 2009; VegaFrutis, Varga, & Kytöviita, 2013; Wu et al., 2018) . For example, Salix glauca females showed better growth advantages than males under well-watered conditions; however, water deficiency decreased the photosynthetic capacity and leaf water potential to a greater extent in females than in males (Dudley, 2006; Dudley & Galen, 2007) . Due to a wide genetic diversity in the natural populations of Salix, it is impossible to obtain a common conclusion on the sexually differential responses to water limitation. Therefore, more willow species should be investigated.
Salix paraplesia is dioecious woody tree or shrub, and is widely distributed in alpine areas at the eastern edge of the Tibetan Plateau (Jiang, Zhang, Lei, Xu, & Zhang, 2016) . Salix paraplesia is as pioneer tree species that is used for the conservation of soil and water in the high-altitude areas of China. To examine whether there is a sexually differential tolerance to water limitation for S. paraplesia, we conducted a field investigation combined with a greenhouse experiment in their natural habitats. We will answer the following questions: (a) Are S. paraplesia females more tolerant to drought stress than males? (b) Are there sex-related variations in altitude and the interaction response to drought stress? F I G U R E 1 Schematic diagram of regional location and study sites (solid black dots) in the field investigation on sex ratio along altitude gradients (2,400 m, 2,600 m and 2,800 m)
| MATERIAL S AND ME THODS

| Field investigation of the sex ratio
In the middle of April 2016, we performed a field investigation on the sex ratio of S. paraplesia in the Wanglang National Nature Reserve (32°49′N-33°02′N, 103°55′E-104°10′E) along an altitude variation (2,400 m, 2,600 m and 2,800 m). This region (Figure 1 ) belongs to the monsoon climate zone with distinct dry (November to April) and wet (May to October) seasons. The mean annual precipitation ranged from 801 to 825 mm and changed a little among three altitudes (Peng, Wu, Xu, & Yang, 2012) , and the air temperature in the growing season was 10-23°C. Based on United States Department of Agriculture Soil Taxonomy, the soil type at three altitudes was classified as Cryumbreps. We chose three plots (20 × 20 m) at each altitude in similar riparian environments (flat and similar water condition, Figure 2 ) and investigated all the male and female individuals according to their flowers. Each plot was >200 m interval. Multiple clones were considered as one individual if their roots were connected to each other. The sex ratio was determined as female to male (F/M), and chi-square test was used to test significant departure from a 1:1 ratio.
| Cuttings cultivated and drought treatment
In 2017, before flowering, the current-year cuttings of S. paraplesia (approximately 15 cm) were collected from 10 different trees (5 males and 5 females) from 2,400 m, 2,600 m, and 2,800 m, respectively. All cuttings were planted into 10 L plastic pots filled with 8 kg of homogenized soil mixture (one cutting per pot). After naturally growing for approximately 3 months with optimal conditions in the Wanglang National Nature Reserve (2,600 m), 120 healthy cuttings with the similar growth and equal height were selected and transferred to growth chambers. Twelve growth chambers were installed at the altitude of 2,600 m in Wanglang National Nature Reserve.
The growth chambers are nearly cylindrical structures with an automatic control system and equipment monitoring environmental elements (LT/WSK-PLC; Copeland and Vaisala, Inc.). All the walls of the chambers were structured by transparent solar plates with 85% light transmittance. There are a total of 12 chambers, and four chambers were used in our study. The growth temperature was set to 10-27°C, and the relative humidity ranged from 50% to 80% according to the ambient conditions during July 25 to September 14, 2017, because the soil water capacity at three altitudes was ranged from 40% to 70% in the field investigation (Figure 2) . We chose the 50% of soil water capacity as a moderate drought stress in this study.
The experimental layout was a completely randomized design with 2 genders (male and female) × 3 altitudes (2,400 m, 2,600 m and 2,800 m) × 2 watering regimes (100% and 50% of soil water capacity). A moisture teller (TDR350; Spectrum Technologies Inc.) was used to measure the soil water every day (Figure 3 ). After the soil water declined to 50% of soil water capacity in each pot, they were kept constant by artificial water regulation. To prevent evaporation from the soil surface, the plastic bags were used to seal basal stems.
The mean soil water capacity in each pot cuttings from three altitudes was ranged from 51% to 53% during the experimental period ( Figure 3 ). Five cuttings of each treatment were selected, and the fourth fully expanded leaf of each cutting was collected and frozen in liquid nitrogen immediately. Next, they were stored at −80°C until further chemical analysis.
| Growth and biomass measurements
The height was measured from the bottom to the top, and the basal diameter was determined on the shoot at 1 cm above the soil surface for all the cuttings. The height growth rate (GR H , cm day −1 ) and diameter growth rate (GR D , mm day −1 ) were calculated as follows:
and B t1 represented the height growth and basal diameter measured at the beginning (t 1 ) and the end (t 2 ) of the study, respectively. For the height growth and basal diameter measurement, fifteen replicates were used, and each measurement was recorded twice. To assess biomass, five cuttings from each sex and treatment were used for the biomass measurements at the end of the treatments.
Cuttings were harvested and separated into leaves, stems and roots, and dried to a constant weight (70°C, 48 hr), followed by recording the leaf dry mass (LDM), stem dry mass (SDM), root dry mass (RDM), total dry mass (TDM), and calculated the aboveground mass/root mass ratio (AM/RM ratio). Each measurement was recorded twice.
| Gas exchange and chlorophyll pigment measurements
Five replicates were conducted, and each measurement was recorded twice when determined the gas exchange and chlorophyll
The soil water content of natural habitats at three altitudes in our field investigation. Solid red dots, solid blue dots, and solid yellow dots represent soil water capacity of 2,400 m, 2,600 m, and 2,800 m, respectively. Red line, blue line, and yellow line represent fitting curve (polynomial fitting) of soil water content at 2,400 m, 2,600 m, and 2,800 m, respectively. Five measurements of each field site were conducted at each altitude pigments. Gas exchange parameters were measured for the fourth or fifth fully expanded leaves from the apex. Five biological cuttings were randomly selected for each treatment and each sex. The net photosynthetic rate (A), transpiration rate (E), stomatal conductance (g s ), intercellular CO 2 concentration (C i ), and ambient CO 2 concentration (C a ) were recorded at a saturating photosynthetic active radiation (1,500 μmol m −2 s −1 ) and a leaf temperature of 20°C using a portable photosynthesis system (LI-6400XT; LI-COR Inc.).
As willow leaves are too slender to fully fill with the leaf chamber (2 × 3 cm), we marked each measured blade with a pencil along the outside of a standard leaf chamber and calculated their leaf area for A, E, and C i corrections. The measured parameters were set to the following: leaf-to-air vapor pressure deficit was 1.5 ± 0.5 kPa, relative air humidity was 80%, and ambient CO 2 concentration was 450 ± 5 μmol mol −1 . Measurements were performed from 08:00 a.m. to 11:30 a.m. The ratio of A to g s was defined as the intrinsic water use efficiency (WUEi). The stomatal limitation value (SLV) was calculated according to Berry and Downton (1982) as the following
Chlorophyll pigments were determined for the leaves used for gas exchange measurements. For chlorophyll pigment measurement, 80% (v/v) chilled acetone was used to soak leaf tissues (about 0.3 g) for approximately 20 hr under darkness until the leaf color was completely white. Next, the homogenates were centrifuged at 8,000 g for 10 min at 4°C. The supernatant was used to determine the absor- 
| Leaf predawn water potential (Ψ dawn ) and relative water content (RWC)
The fourth fully expanded leaves were used for Ψ dawn measurements by using a WP4 Dewpoint Potentiometer (WP4C; Decagon Devices, Inc.) before sunrise according to the operation manual.
Leaf disks of five cuttings (avoiding the midrib) were randomly selected from each sex, each treatment to be fully fitted in a measure cup, and each measurement was recorded twice. After the measurement of Ψ dawn and photosynthetic rate, leaf samples were collected to determine relative water content (RWC) (Weatherley, 1950) . RWC = 100(FM − DM)/(TM − DM). Here, FM, DM, and TM represented fresh mass, turgid mass, and dry mass used for 10 leaf disks (0.8 cm diameter) from each leaf, respectively. And the same as the measurement of Ψ dawn , five replicates were conducted and each measurement was recorded twice.
| Measurement of biochemical parameters
For each biochemical measurement, five replicates were used. To estimate the lipid peroxidation extent of the membrane, malondialdehyde (MDA) was measured according to the method described by Xu, Yang, et al. (2008) . First, fresh leaves (about 0.3 g) were homogenized with 10 ml of 10% trichloroacetic acid and centrifuged at 12,000 g for 10 min. Next, 2 ml of 0.6% thiobarbituric acid with 10% trichloroacetic acid was added into 2 ml of the supernatants.
Next, the mixture was boiled in a water bath for 15 min and cooled in an ice bath as soon as possible. The absorbance of the supernatants was measured at 450, 532, and 600 nm by using the spectrometer. The MDA content was calculated using the following formula:
C (μM) = 6.45 (OD 532 − OD 600 ) − 0.56OD 450 . For relative electrolyte leakage (REL) measurement, after washed clearly, ten leaf disks were randomly collected from each biological replicate and soaked in small beakers with 10 ml of deionized water at room temperature for 6 hr.
The electrical conductivity of the bathing solution was measured by a conductivity instrument (LC116; Mettler-Toledo Instruments Co.,
Inc.) and recorded as C1. The beakers were subsequently incubated in a boiling water bath for 25 min and cooled to room temperature.
The electrical conductivity was recorded as C2. REL = (C1/C2) × 100.
About 0.3 g of frozen leaf sample was ground in liquid nitrogen to a fine powder, and the peroxidase (POD) activity was measured by using 2 ml of 100 mM potassium phosphate buffer (pH 6.5) with
The soil water capacity characteristics of cuttings from three altitudes during drought treatment period. Turquoise, dark blue (solid line), and grass green (dotted line) lines represent males from altitudes of 2,400 m, 2,600 m, and 2,800 m, respectively. Hot pink, ruby red (solid line), and deep violet (dotted line) lines represent females from altitudes of 2,400 m, 2,600 m, and 2,800 m, respectively 40 mM guaiacol, 10 mM H 2 O 2 , and an enzyme extract containing 100 μg of proteins at 25°C. The absorbance of the supernatants was determined at 470 nm (Chance & Maehly, 1955) . The protein concentration was measured according to the Bradford method (Bradford, 1976) .
Starch and fructose were extracted in a water bath with 80%
(v/v) ethanol at 80°C for 30 min, followed by centrifugation at 8,000 g for 5 min. A total of 50 mg of dried fine powder from leaf samples was used. The supernatant was pooled into a 10 ml centrifuge tube, and 2 ml of 80% (v/v) ethanol was added. After being centrifuged at 5,000 g for 5 min, the supernatant was transferred into a new tube. Next, 80% (v/v) ethanol was added into the tube to a final volume of 8 ml. Starch and fructose were detected according to the methods of Dubois, Gilles, Hamilton, Rebers, and Smith (1956) and Murata, Akazawa, and Fukuchi (1968) , respectively. Total soluble sugars were detected at 625 nm, following the method of Yemm and Willis (1954) . Nonstructural carbohydrate (NSC) is defined as the sum of soluble sugars and starch.
| Transmission electron microscopy observations
Two small sections (1-2 mm in length, avoiding the midrib) that picked out from the middle position of the fifth fully expanded leaves were used for transmission electron microscope (TEM)
analysis. The leaf sections were fixed with 3% (v/v) glutaral pentanedial in 0.1 M phosphate buffer (pH 7.2) for 8 hr at 4°C and postfixed in 1% osmium tetroxide for 1 hr. Tissues were dehydrated in a graded ethanol series (50, 60, 70, 80, 90, 95, and 100%) 
| Statistical analysis
To assess differences in all the measured parameters between the sexes, a multivariate analysis of variance (MANOVA) was per- 
| RE SULTS
As an overall assessment of the equality of mean vectors in several groups, MANOVA showed that the effects of sex, watering, altitude, and their interactions were significant at p ≤ 0.001 level (Table 1) . Particularly, the F values were the highest for the effect of watering, which indicated that the watering effect was the most significant difference among all the factors. The PCA showed that the drought resistance index was rarely distributed in the area of females at 2,600 m under drought-stressed conditions (Figure 4 ).
However, a series of indicators were spread near to males at 2,400 m and 2,600 m, which were well-separated from those at 2,800 m.
Altogether, principal components 1 (PC1) and 2 (PC2) accounted for 77.4% and 11.7% of the observed variance, respectively.
| The sex ratio of field investigation
As shown in Table 2 , a total of 253 willow trees (138 females and 115 males) were investigated in the Wanglang National Nature
Reserve along an altitude variation with the soil water capacity from 40% to 70% (Figure 2 ). Fitting curve showed that soil water condition at 2,800 m was lower than 2,400 m and 2,600 m. The sex ratio of females to males (F/M) showed a tendency to increase with altitude, with 1.02, 1.27, and 1.40 at 2,400 m, 2,600 m, and 2,800 m, respectively. Although there was no significance for each study site, the total sex ratio of F/M was 1.20 (p = 0.025), showing a significant female bias.
Principal component analysis analysis for all the indicators in leaves of male and female Salix paraplesia from three altitudes under drought-stressed conditions (50% soil water capacity). Diamond represents females; circle represents males. 2400F, 2600F, and 2800F represent females from altitudes of 2,400 m, 2,600 m, and 2,800 m, respectively. 2400M, 2600M, and 2800M represent males from altitudes of 2,400 m, 2,600 m, and 2,800 m, respectively. PC1, principal component 1; PC2, principal component 2 TA B L E 2 The investigation of sex ratio of female to male (F/M) Salix paraplesia along an altitude gradient (2,400, 2,600 and 2,800 m, respectively) TA B L E 3 The morphological (growth, biomass accumulation, and distribution) indices of males and females Salix paraplesia under control (100% soil water capacity) and drought (50% soil water capacity) conditions at different altitudes Note. Each value represents the mean ± SE (n = 5 TA B L E 4 The net photosynthetic rate (A), stomatal conductance (g s ), intercellular CO 2 concentration (C i ), transpiration rate (E), and chlorophyll pigment contents in Salix paraplesia males and females under control (100% soil water capacity) and drought-stressed (50% soil water capacity) conditions from three altitudes Note. Each value is represented as the mean ± SE (n = 5 
| Growth and biomass accumulation
Overall, although the growth and biomass accumulation were not significantly affected by the interaction of sex × watering × altitude, the dry matter accumulation was significantly (p ≤ 0.05) affected by sex, drought and altitude (Table 3) . Under control conditions, GR H , GR D , LDM, SDM, TDM, and AM/RM ratio were significantly higher in females than in male cuttings from 2,400 m. SDM, RDM, and TDM were significantly higher in females than in male cuttings from 2,600 m. However, the growth rate and dry matter accumulation 
| Gas exchange, chlorophyll pigment contents and leaf water relations
Under control conditions, there was little sexual difference in gas exchange and chlorophyll pigments except for A and g s in cuttings from 2,600 m. The parameters of C i , E, Chl a, and TChl were significantly affected by the interaction of sex × watering × altitude (Table 4) .
Drought significantly decreased photosynthesis but increased Chl a
and TChl contents in both male and female individuals. Compared between sexes, drought-stressed males had significantly higher E than drought-stressed females at 2,400 m. For individuals from 2,600 m and 2,800 m, drought-stressed males had lower C i , Chl a, and TChl contents than drought-stressed females. As shown in Figure 5 , there was no sexual variation in WUEi, ψ dawn , and RWC under control conditions. Drought significantly increased WUEi value but decreased values of ψ dawn and RWC in both sexes of three altitudes. Additionally, the lowest and the highest values of RWC and ψ dawn were in droughtstressed females and males from 2,400 m, respectively.
| Soluble protein, peroxidase activity, relative electrolyte leakage, and malondialdehyde
Under control conditions, no sexual difference was found in the contents of total soluble protein and MDA or REL value ( Figure 6 ).
However, females exhibited a higher POD activity than males for cuttings from 2,400 m and 2,800 m but a lower activity for cuttings from 2,600 m. Drought significantly increased the values of POD, REL, and MDA in both sexes. Drought-stressed females exhibited significantly lower REL, MDA content, and higher POD activity than drought-stressed males, except for the POD activity in cuttings from 2,600 m. Additionally, POD and MDA were significantly affected by the interaction of sex × watering × altitude.
| Contents of nonstructural carbohydrates
Under control conditions, no sexual difference was detected in the content of starch or NSC in the leaves (Figure 7 ) of cuttings from all F I G U R E 5 Intrinsic water use efficiency (WUEi; a), stomatal limitation value (SLV; b), leaf water potential (ψ dawn ; c), and relative water content (RWC; d) in male and female Salix paraplesia under control (100% soil water capacity) and drought-stressed (50% soil water capacity) conditions. The white bars, gray bars, and black bars represent altitudes of 2,400 m, 2,600 m, and 2,800 m, respectively. Bars represent the mean ± SE (n = 5). Bars with different letters are significantly different within the same panel (Duncan's test, p ≤ 0.05). S, sex effect; W, watering effect; A, altitude effect; W × S, interaction effect of sex and watering; S × A, interaction effect of sex and altitude; A × W, interaction effect of watering and altitude; A × W × S, interaction effect of sex, watering and altitude altitudes. However, the relatively higher contents of soluble sugar and fructose were found in female leaves. Under drought-stressed conditions, female individuals from 2,400 m exhibited higher contents of soluble sugar and NSC than that of males. However, there was little sexual difference in starch content for cuttings from 2,400 m or 2,800 m. Additionally, only soluble sugar was significantly affected by the interaction of sex × watering × altitude.
| Organella ultrastructure observation
Under control conditions, both sexes of S. paraplesia possessed smooth, clean, and well-arranged thylakoid membranes in leaves (Figure 8a-f) . The chloroplasts showed a lenticular shape, and the mitochondria exhibited a typical structure with clear cristae. Drought induced severe negative effects on their ultrastructure in both sexes, in which chloroplasts were changed into subcircular shape and the outline tended toward a wavy appearance (Figure 8g-l) . Interestingly, the accumulation of starch granules in chloroplasts was observed in drought-stressed males but was relatively lower in drought-stressed females from three altitudes (Figure 8h ,j,l). Although drought greatly increased the plastoglobule number in both sexes, drought-stressed males exhibited more plastoglobules than drought-stressed females, particularly for cuttings from 2,800 m.
| D ISCUSS I ON
Our field investigation on the adult trees showed that S. paraplesia was a female-biased species in their natural population, particularly at a high altitude. This result is consistent with the species of S. magnifica along an altitude gradient in the Gongga Mountain, which is located in the eastern edge of the Tibetan Plateau (Lei, Chen, Jiang, Yu, & Duan, 2016) . A previous study reported that the sex ratio of Valeriana edulis population was strongly female-biased and altered across the elevation gradient (Petry et al., 2016) .
With respect to Salix, several studies have suggested the dominance of females due to their superior competitive ability and superior tolerance to environment disturbances (Hughes et al., 2010; Rottenberg, 2010) .
According to empirical studies, reproduction would compete with vegetation growth and defense when resources are limited (Herms & Mattson, 1992) . Despite the greater reproductive cost for females, the sex ratio of Salix populations was usually female-biased in their harsh habitats Ueno et al., 2007) . One hypothesis is that females not only allocate more carbohydrates for reproduction but also usually invest more in defense for abiotic stress only if there is a demand. For example, high UV-B radiation also induced females of S. myrsinifolia to be more tolerant than males because F I G U R E 6 Protein content (Protein; a), peroxidase activity (POD; b), relative electric conductivity (REL; c), and malondialdehyde content (MDA; d) in the leaves of male and female Salix paraplesia under control (100% soil water capacity) and drought-stressed (50% soil water capacity) conditions. The white bars, gray bars, and black bars represent altitudes of 2,400 m, 2,600 m, and 2,800 m, respectively. Bars represent the mean ± SE (n = 5). Bars with different letters are significantly different within the same panel (Duncan's test, p ≤ 0.05). S, sex effect; W, watering effect; A, altitude effect; W × S, interaction effect of sex and watering; S × A, interaction effect of sex and altitude; A × W, interaction effect of watering, and altitude; A × W × S, interaction effect of sex, watering, and altitude of their higher chlorogenic acid concentration (Nybakken, Hörkkä, & Julkunen-Tiitto, 2012) . If females invested more materials for defense than males, they could be more tolerant to drought stress, and this sex-related tolerance could be possibly exhibited in the tree vegetative growth stage. In our study, we found that the cuttings of S. paraplesia females from 2,800 m possessed a higher self-protective ability for their higher antioxidant enzyme activities (Reddy, Chaitanya, & Vivekanandan, 2004) , less lipid peroxidation, and cellular membrane damage than males under drought stress, as reflected by their higher POD activity, lower MDA content, and REL. Under drought-stressed conditions, the accumulation of reactive oxygen species (ROS) can induce oxidative stress on plant cells and disorder of cellular structures (Zhang et al., 2012) , while the higher POD activity can efficiently eliminate the massive amount of H 2 O 2 and protect the integrity and functionality of cellular membranes and other organelles. Individuals have a higher photosynthetic capacity, greater accumulation of substances for osmotic adjustment, and a more efficient enzymatic detoxification cycle are considered to have a better protective abilities. Therefore, S. paraplesia females avoid negative effects induced by drought stress for their better self-protective ability. Alternatively, the reason why our results differed from previously postulated studies that males are more physiologically plastic with respect to water use (Dudley, 2006; Dudley & Galen, 2007) was perhaps due to the different water stress intensity, developmental stage, and water-use efficiency among of species. We also predicted that male and female seedlings in this period only make vegetative investments instead of reproductive efforts (Juvany & Munné-Bosch, 2015; Sánchez-Vilas, Bermúdez, & Retuerto, 2012) . Second, varied sex-related physiological performances under drought stress may also be related to high genetic divergence of willow trees.
Net photosynthetic rate and stomatal conductance are indicators of drought tolerance. Drought stress significantly reduces the net photosynthetic rate, but the drought-resistant species showed less decrease (Han, Luo, Li, Korpelainen, & Li, 2018; Xu, Peng, et al., 2008; Xu, Yang, et al., 2008; Zhang et al., 2010 Zhang et al., , 2014 . In our study, under well-watered conditions, S. paraplesia females did not display a significantly higher photosynthetic capacity than males to compensate the higher cost of reproduction in females (Obeso, 2002) .
However, S. paraplesia females exhibited a higher TChl content and net photosynthetic rate under drought-stressed conditions for the
The contents of starch (Starch; a), fructose (Fructose; b), soluble sugar (Soluble sugar; c), and nonstructural carbohydrate (NSC; d) in the leaves of male and female Salix paraplesia under control (100% soil water capacity) and drought-stressed (50% soil water capacity) conditions from three altitudes. Different letters above bars denote statistically significant differences at p ≤ 0.05 according to Duncan's test. Values are expressed as the mean ± SE (n = 5). W, watering condition effect; A, altitude effect; W × S, interaction effect of sex and watering condition; S × A, interaction effect of sex and altitude; A × W, interaction effect of watering condition and altitude; A × W × S, interaction effect of sex, watering condition, and altitude high altitude, which resulted in females outperforming males in carbon assimilation. Carbon assimilation is important modulator of plant acclimation to environmental stress. More starch, soluble sugar, and NSC suggested S. paraplesia females (low and high altitude) were more tolerant to environmental stress than males. Female cuttings from 2800m had higher TDM, net photosynthetic rate, stomatal conductance, and NSC content than that of males, but theie difference was no statistical significance perhaps because of the high variance among clones. Under drought conditions, the stomata were closed, transpiration decreased, and the water and nutrient flow diminished due to a reduced diffusion rate of nutrients in the soil to the absorbing root surface. Therefore, nutritional imbalance depressed plant growth (Pinkerton & Simpson, 1986; Rouphael, Cardarelli, Schwarz, Franken, & Colla, 2012) . Our results were consistent with a previous report that S. paraplesia females could maintain a faster growth ratio for survival under nutrient limitations than males .
Additionally, for other dioecious species, females showed a more conservative strategy in water use, with a higher photosynthetic rate than males to achieve a better tolerance (Álvarez-Cansino et al., 2010; Rakocevic et al., 2009) . Therefore, our results support the hypothesis that S. paraplesia female cuttings from 2,800 m showed better drought tolerance than males. However, S. paraplesia cuttings from 2,400 m and 2,600 m did not exhibit obvious sex-biased responses to drought stress.
There are also sex-related variations with altitude and response to drought stress. An increased underground investment in plants could enhance their stress resistance (Huan, Wang, Liu, Xu, & He, 2016; Kano, Inukai, Kitano, & Yamauchi, 2011; Ma et al., 2015) .
Under drought-stressed conditions, larger root system and total biomass accumulation combined with lower REL and MDA content were detected in females than in males from high altitude but not in those from low altitude under drought-stressed conditions. This result suggested that the growth of S. paraplesia females was favored at a high altitude and that there was a female-biased pattern at a high altitude. Additionally, the slightly female-biased response of NSC together with higher POD activity in S. paraplesia females from high altitude further reflected that females from high altitude possessed a greater self-protective ability than that of males.
These sex-related variations to drought stress may be because of the difference in their constitutive defense costs, in which females will produce more expensive compounds only when it is necessary (Lei et al., 2017; Nybakken et al., 2012) . Furthermore, S. paraplesia cuttings that originally grew in the middle altitude exhibited the best growth under control and drought-stressed conditions. This result could explain the distribution of S. paraplesia, which ranged from 2,200 m to 3,000 m, mainly at approximately 2,600 m in the Wanglang National Nature Reserve. According to our data, a marked difference was observed in the MDA content, POD activity between the high altitude and low altitude, which showed that drought stress limited more S. paraplesia cuttings from low altitude enzymatic detoxification than high altitude. This could be interpreted as willows at high altitude may be more adaptable to stress environment for they are exposed to harsher conditions (including extremely lower temperature, drier, and stronger ultraviolet radiation) for a long period. Males and females from different altitude might have different evolution speed with long-term various environmental stresses, which lead to amplify or reduce the sexual difference and different sex-related responses to stress environment (He et al., 2017; Huang et al., 2018) . As to the reason why drought tolerance between sexes differed among different altitude, perhaps because the high variance between clones might musk the true sex-related effects responding to drought stress.
In conclusion, our study provides some evidences that there are sexually differential responses to drought in S. paraplesia, and females are more tolerant than males, particularly for the high-altitude individuals. It is reasonable to predict that S. paraplesia females probably will be superior to males when subjected to drought conditions in the alpine areas.
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